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SPECIFICATION 



SOLID COMPOSITIONS WITH IMPROVED SOLUBILITY AND ABSORBABILITY 

TECHNICAL FIELD 

This invention relates to a solid composition comprising 
an extremely hardly water-soluble drug having a solubility of 
10 |ig/ral or below and being rendered amorphous, as well as a 
polymer base and a nonionlc surfactant. This solid 
composition, when dispersed in a liquid such as water or a 
buffer solution, forms stable fine particles having a 
particle size of 1 [im or below, thereby achieving an 
improvement in the solubility of the extremely hardly water 
soluble drug, as well as an improvement in the absorbability 
of the extremely hardly water-soluble drug via digestive 
tracts . 

BACKGROUND ART 

Extremely hardly water-soluble drugs also have low 
solubility in digestive tracts, so they are generally 
difficult to be absorbed via digestive tracts such as the 
stomach and intestines. 

The solubility of some of the extremely hardly water- 
soluble drugs depends on pH. For example, some have high 
solubility in an acidic range (gastric pH) but low solubility 
in a weakly acidic to weakly alkaline range (intestinal pH) . 
In addition, the pH in the digestive tracts varies from one 
individual to another (thia is particularly true for gastric 
acidity) and is also affected by meals; hence, great 
variations may sometimes occur in the bioavailability of 
extremely hardly water-soluble drugs. 



Since extremely hardly water-soluble drugs are in many 
cases low in bioavailability, it becomes necessary to process 
the drugs by special pharmaceutical formulation techniques to 
improve their solubility within a broad pH range simulating 
the interior of the digestive tracts, for example, a pH range 
of 1-8. 

In order to improve the solubility and absorbability of 
these extremely hardly water-soluble drugs, several known 
methods are generally available and they include (1) finely 
dividing the drug by pulverization, (2) forming a solid 
dispersion together with a polymer base, and £3) forming a 
soluble complex with cyclodextrins. 

The method of finely dividing the drug by pulverization 
has a limit to the smallest size that can be achieved. Other 
problems include clumping together of the particles that are 
formed when the finely divided drug is dispersed in water or 
the difficulty involved in wetting them with water. 

The method of forming a solid dispersion with a polymer 
base (e.g. JP 56-110612 A, JP 54-2316 A, and JP 54-46837 A) 
allows for a temporary increase in solubility upon dispersing 
in water. However, forming no fine particles, this method 
has the problem that after the lapse of a certain period of 
time, the drug precipitates, with the resulting decrease in 
solubility. Another problem is that if the drug 
concentration in the solid dispersion is high, the solubility 
of the polymer base will drop and the dispersion fails to 
show adequate absorbability when administered orally. 

In the method of forming a soluble complex with 
cyclodextrins, complex's formation depends on the structure 
of the drug and other factors, so some drugs may not be able 
to form complexes. 

A lot of studies have so far been reported of nifedipine, 
a most common example of hardly water-soluble drugs. 
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According to the present inventors, those hardly water- 
soluble drugs which are less soluble than nifedipine have 
been classified to fall within the category of extremely 
hardly water-soluble drugs. Hereinafter, those hardly water- 
soluble drugs that specifically have lower solubilities than 
nifedipine, namely, less than 10 \ig/vnl are defined as 
extremely hardly water-soluble drugs. No method has been 
known that can improve the : solubility or bioavailability of 
these drugs. 

DISCLOSURE OF THE INVENTION 

The present inventors conducted intensive studies on the 
solubility and absorbability of extremely hardly water 
soluble drugs and found that a solid composition comprising 
an extremely hardly water soluble drug having a solubility of 
10 ng/ml or below and being rendered amorphous, as well as a 
polymer base and a nonionic surfactant, had Improved 
absorption through digestive tracts by ensuring that when the 
composition was dispersed in a liquid such as water, it 
formed stable fine particles having a particle size of 1 [an 
or below that were capable of keeping the extremely hardly 
water-soluble drug amorphous over a prolonged period of time; 
the present invention has been accomplished on the basis of 
this finding. The solid composition according to the present 
invention is improved over the conventional solid dispersions 
which suffer from lower dissolution rates or lower solubility 
that accompanies the precipitation of the drug after the 
lapse of a certain period of time. 

The present invention lis described below in detail. 

The mechanism by which the extremely hardly water- 
soluble drug contained in the solid composition of the 
present invention is absorbed into the living body is 
described in detail with reference to Fig. 1 
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When the solid composition of the present invention 10 
is administered orally and reaches the Interior of a 
digestive tract, a liquid such as gastric juice or intestinal 
juice permeates into the solid composition, which then 
dissolves to form fine particles 12. Thereafter, the 
extremely hardly water-soluble drug contained in the fine 
particles 12 gets out of the latter to dissolve into the 
liquid such as gastric juice or intestinal juice. The 
extremely hardly water-soluble drug that has dissolved out is 
absorbed via the mucosa of the digestive tract such as the 
gastric mucosa or the intestinal mucosa. 

Since the extremely hardly water-soluble drug, polymer 
base and the surfactant have different solubilities, the fine 
particles 12 differ in composition from the solid composition 
10. To be more specific, the fine particles 12 have a larger 
proportion of the extremely hardly water-soluble drug than 
the solid composition 10 whereas the proportions of the 
polymer base and the surfactant are smaller. The solid 
composition is incapable of containing the extremely hardly 
water-soluble drug at a higher concentration than can be 
dispersed in the polymer base but such high enough 
concentrations can exist if they are within the fine 
particles . 

Here, whether the hardly water-soluble drug contained in 
the fine particles is crystalline or amorphous can be 
determined by subjecting the fine particles to powder X-ray 
crystal diffraction and checking to see if there is any 
diffraction peak. 

In Fig. 1, for the sake of convenience In illustration, 
the solid composition 10 is assumed to be in a powder or 
particulate form. However, the solid composition needs not 
be in a powder or particulate form. 
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It should, also be noted that the process of forming the 
fine particles includes disintegration of solid preparations 
for internal application. Here, the term "disintegration" 
refers to a phenomenon in which a shaped preparation for 
internal application deforms in such a fluid as from a 
digestive tract and becomes dispersed until it is reduced to 
at least the particles it is composed of. Disintegration 
does not necessarily mean complete dissolution of the active 
ingredient, for example, the extremely hardly water-soluble 
drug , 

The extremely hardly water-soluble drug that can be used 
in the present invention is not limited in any particular way 
as long as it has a solubility of less than 10 |Jig/ml in water, 
the first fluid or the second fluid at a temperature of 37°C. 
The extremely water insoluble drug has only to satisfy this 
solubility requirement for either water or the first fluid or 
the second fluid under the 37'C condition. The solubility is 
preferably less than 5 fig/ml, more preferably less than 2 
jig/ml. in addition, in view of the fact that drugs are most 
frequently absorbed at a site near the small intestine, 
preferred drugs are those which have a solubility of less 
than 10 jig/ml, more preferably less than 5 jig/ml, and even 
more preferably less than 2 ^tg/ml, in the second fluid. 

In addition, when the solid composition made up of the 
extremely hardly water-soluble drug in an amorphous state 
together with the polymer base and the nonlonic surfactant is 
dispersed in a liquid, the composition will form fine 
particles having a particle size of no more than i \tm. In 
this case, a preferred extremely hardly water-soluble drug is 
one that has a solubility of less than 10 |*g/ml because it 
retains the amorphous state. 
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The extremely hardly water-soluble drug to be used in 
the present invention may be salts that are commonly employed 
in pharmaceutical formulation procedures. 

As for the liquid in which the solid composition is to 
be dispersed, water is a model for the gastric juice in 
patients with achylia or senile persons, the first fluid is a 
model for the gastric juice in healthy humans, and the second 
fluid is a model for the intestinal juice in healthy humans. 
The first and second fluids referred to herein are specified 
in the Japanese Pharmacopoeia (12th Revised Edition) under 
the heading of "Disintegration Test Method". The first fluid 
is an aqueous solution with a pH of about 1.2 which comprises 
2 g of sodium chloride, 7.0 ml of hydrochloric acid, and 
make-up water added to make a volume of 1000 ml. The second 
fluid is an aqueous solution with a pH of about 6.8 which 
comprises 250 ml of a 0.2 M aqueous solution of potassium 
dihydrogenphosphate, 118 ml of a 0.2 N aqueous solution of 
sodium hydroxide, and make-up water added to make a volume of 
1000 ml. 

The term "solubility" as used herein means the degree by 
which a drug in a solid form, if it is reduced to a powder, 
put in a solvent and shaken vigorously for 30 seconds at 
intervals of 5 minutes, will be dissolved within 30 minutes. 

The type of the extremely hardly water-soluble drug that 
can be used in the present invention is not limited in any 
particular way. Examples include antiulcer agents, agents 
for the mind and nerves, antitumor agents, antibiotics, 
diuretics, agents for central nerves, hypnotic sedatives, 
antianxiety drugs, ant iepilep tics , antipyretic and analgesic 
anti- inflammatory drugs, stimulants, psychostimulants, 
antiparkinsonian drugs, skeleton relaxants, agents for 
autonomic nerves, anticonvulsants, inotropic agents, 
antiarrhythmics, hypotensives, vasodilators, agents against 
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hyperlipidema , drugs for circulatory organs, respiratory 
promoters, antitussives, expectorants, bronchodilator s , etc. 

Preferred specific examples of the extremely hardly 
water-soluble drug include benzodiazepine derivatives that 
have gastrin antagonism and act as antiulcer agents. For 
example, they include the benzodiazepine derivatives 
described in PCT/JP91/0172Q (International Publication No. 
W092/11246), PCT/JP94/01094, etc. 

Other specific examples include ones that contain 
benzazepine derivatives which are vasopressin antagonists. 
For example, they include fused benzazepine derivatives (e.g. 
PCT/JP94/01183) , as well as benzazepine derivatives {e.g. 
PCT/JP94/G1409) and benzodiazepine derivatives 
(PCT/JP91/01720 (International Publication No. W092/11246 } } . 

The polymer base to be used in the present invention is 
not limited in any particular way as long as it is 
pharmaceutically acceptable and it enables the extremely 
hardly water-soluble drug to be dispersed in an amorphous 
state. It may be exemplified by water-soluble polymers or 
enteric polymers . 

Exemplary water-soluble polymers include hydroxypropyl 
methylcellulose (e.g. TC-5, METOLOSE 90 and METOLOSE 65SH, 
all being trade names of Shin-Etsu Chemical Co., Ltd.), 
hydroxypropyl cellulose {e.g. NISSO HPC, trade name of NIPPON 
SODA CO., LTD.), methylcellulose (e.g. METOLOSE SM, trade 
name of Shin-Etsu Chemical Co., Ltd.), hydroxyethyl cellulose 
(e.g. NATROSOL, trade name of Hercules Japan), 
polyvinylpyrrolidone (e.g. CORIDON, trade name of BASF 
Japan), macrogol (e.g. NISSO POLYETHYLENE GLYCOL #6000, trade 
name of NIPPON SODA CO., LTD.), etc. Preferred examples 
include hydroxypropyl methylcellulose, hydroxypropyl 
cellulose, methylcellulose, and hydroxyethyl cellulose. 
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Exemplary enteric polymers Include hydroxypropyl 
cellulose phthalate (e.g. HPMCP, trade name of Shin-Etsu 
Chemical Co., Ltd.), hydroxypropyl methylcellulose (e.g. 
SHIN-ETSU AQOAT, trade name of Shin-Etsu Chemical Co., Ltd.), 
carboxymethyl ethylcellulose (e.g. CMEC, trade name of Freund 
Corporation), cellulose acetate phthalate (e.g. CAP, trade 
name of Wako Pure Chemical Industries . Ltd.), methacryllc 
acid copolymers {e.g. Eudraglt L, Eudragit S, and Eudragit 
L30D-55, all being trade names of Rohm Pharma) , etc. 

The polymer base is incorporated in an amount of 0.5-20 
parts by weight, preferably 1-10 parts by weight, more 
preferably 1-5 parts by weight, for one part of the extremely 
hardly water-soluble drug. The reason is if it is 
incorporated in an amount of less than 0.5 parts by weight, 
the drug often becomes short of being rendered amorphous. On 
the other hand, beyond 20 parts by weight, the preparation is 
so bulky that it is difficult to administer, which is not 
preferred in practical applications. The polymer base can be 
used either in one kind or, if required, in an admixture of 
two or more kinds. 

The nonionic surfactant to be used in the present 
invention may be exemplified by fatty acid esters and ethers, 
to which the present invention is by no means limited. 

Exemplary fatty acid esters include sucrose fatty acid 
esters (sugar esters), poly ( ethylene glycol) fatty acid 
esters, sorbitan fatty acid esters, propylene glycol fatty 
acid esters, polyoxyethylerie hardened castor oils, 
polyoxyethylene sorbitan fatty acid esters, glycerol fatty 
acid esters, polyoxyethylene glycerol fatty acid esters, and 
polyoxyethylene sorbitol fatty acid esters. Exemplary ethers 
include polyoxyethylene alkyl ethers, block polymer type 
ethers, and polyoxyethylene alkylaryl ethers. Among these, 
polyoxyethylene hardened castor oil, polyoxyethylene sorbitan 
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fatty acid esters, and block polymer type ethers are 
particularly preferred. 

Exemplary polyoxyethylene hardened castor oils include 
hydrogenated castor oil polyoxyethylene ether, 
polyoxyethylene hydrogenated castor oil, polyoxyethylene 
hardened castor oil (20 E.O), polyoxyethylene hardened castor 
oil (5 E.O), polyoxyethylene hardened castor oil 50 (HCO-50), 
and polyoxyethylene hardened castor oil 60. 

Exemplary polyoxyethylene sorbitan fatty acid esters 
include polysorbate 40 (Tween 40), polysorbate 60 (Tween 60), 
polysorbate 65, polysorbate 80 (Tween 80), and 
polyoxyethylene sorbitan monolaurate (20 E.O). 

Exemplary block polymer type ethers include 
polyoxyethylene! 160] polyoxypropylenet 30 J glycol (Pluronic F68) 
and polyoxyethylene oxypropylene cetyl ether (20 E.O 4 P.O). 

The nonionic surfactant is incorporated in an amount of 
0.1-3 parts by weight, preferably 0.2-1.5 parts by weight, 
more preferably 0,25-1.25 parts by weight, for one part of 
the extremely hardly water-soluble drug. The reason is if it 
is incorporated in an amount of less than 0.1 part by weight 
or greater than 3 parts by weight, fine particles are 
difficult to result from dispersing in liquids. The nonionic 
surfactant can be used either in one kind or, if required, in 
an admixture of two or more kinds. The nonionic surfactant 
may be added at the time of forming the solid dispersion 
together with the extremely hardly water-soluble drug and the 
polymer base. Alternatively, the nonionic surfactant may be 
added after forming the solid dispersion with the extremely 
hardly water-soluble drug and the polymer base. 

The compositional ratio of the extremely hardly water- 
soluble drug, polymer base and the nonionic surfactant which 
are to be used in the present invention is l:{0.5-20):£0.1-3) 
by weight for the extremely hardly water-soluble drug to the 
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polymer base to the nonionic surfactant. A preferred 
compositional ratio is 1 :( 1-10) : (0 . 1-3 } , preferably 1:(0.5- 
20):(0.25-1.5), and more preferably 1: (1-10) : (0.25-1.5) for 
the extremely hardly water-soluble drug to the polymer base 
to the nonionic surfactant. 

As for the fine particles to be formed! upon dispersing 
in liquids such as water and buffer solutions, the 
compositional ratio of the extremely hardly water-soluble 
drug, polymer base and the nonionic surfactant which are to 
be used in the present invention is preferably 1:(0.01- 
1): (0.1-0.5) by weight for the extremely hardly water-soluble 
drug to the polymer base to the nonionic surfactant. A more 
preferred compositional ratio is 1 : (0. 1-0.6) : (0. 1-0.4) by 
weight for the extremely hardly water-soluble drug to the 
polymer base to the nonionic surfactant. 

The solid composition of the present invention is 
obtained by first dissolving or suspending the extremely 
hardly water-soluble drug, the polymer base, and the nonionic 
surfactant in a solvent, then removing the solvent from the 
resulting solution by vacuum drying, freeze drying, spray 
drying, etc. The powder or particulate matter thus obtained 
may be directly used; alternatively, a pharmaceutical^ 
acceptable exciplent may be added, followed by formulating 
into subtilized granules, granules, tablets, capsules, and 
other dosage forms that are commonly known as oral 
preparations. 

If desired, the solid composition of the present 
invention may be dispersed in water, optionally followed by 
the addition of an exciplent, to yield oral liquid 
preparations . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the mechanism up to the absorption, of the 
drug contained in the solid composition of the present 
invention. 

Fig. 2 shows a particle size distribution for the case 
where the solid composition of Example 1 was dispersed in 
water. 

Fig. 3 shows a particle size distribution for the case 
where the solid composition of Comparative Example 1 was 
dispersed in water. 

Fig. 4 shows a particle size distribution for the case 
where the solid composition of control sample 1 was dispersed 
in water. 

Fig. 5 shows the drug concentration in blood plasma for 
the case where dogs were orally administered the solid 
compositions of Example 1 and control sample 1. 

Fig. 6 shows the drug concentration in blood plasma for 
the case where dogs were orally administered the solid 
compositions of Example 1 and control sample 2. 

Fig. 7 shows a particle size distribution for the case 
where the solid composition of Comparative Example 5 was 
dispersed in water. 

Fig. 8 shows a particle size distribution for the case 
where the solid composition of Comparative Example 6 was 
dispersed in water. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention is described below more 
specifically by means of Examples, Comparative Examples, and 
Experiments but it should be understood that the present 
invention is by no means limited thereto. 

For particle size measurements, the particle size 
distribution measuring apparatus LA-910 of HORIBA, Ltd. was 
employed. In addition, for the drugs used in the Examples, 
Comparative Examples and Experiments, their solubilities 
(fig/ml) in the second fluid which was a buffer solution with 
a pH of about 6.8 are summarized in Table 1. 



Table 1 




Solubilities of Various Druas in the Second Fluid 


Compound name 


Solubility (ua/ml) 


YM022 


0.0041 


YM087 


1.8 


Nifedipine 


10 



Example 1 

One gram of 1- [2 , 3-dihydro~l- (O-methylphenacyl) -2-oxo-5- 
phenyl- 1H- 1 , 4 -benzodiazepine 3 -yl J - 3- ( m- tolyl ) urea 
(hereinafter abbreviated to YM022) , 3.5 g of hydroxypropyl 
methylcellulose working as a polymer base (HPMC 2910; with 
the trade name TC-5E of Shin-Etsu Chemical Co., Ltd.) and 0.5 
g of polyoxy ethylene hardened castor oil working as a 
nonionic surfactant (HCO-60, trade name of Nikko Chemicals 
co., ltd.) were dissolved in a liquid mixture of 
dichloroflie thane and methanol (8:2) and the resulting solution 
was spray dried to yield a powder of solid composition. 

Measurement by powder X-ray diffraction showed that 
YM022 in the powder was not crystalline, but amorphous. In 
addition, the powder obtained was dispersed in refined water 
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to form fine particles with particle sizes of 0.1-1 fun. The 
particle size distribution obtained is shown In Fig. 2. 

In Fig. 2, the relative distribution of the volume 
average diameters of particles having specified particle 
sizes is shown by a bar graph and their cumulative 
distribution is shown by a curve. The relative distribution 
of the volume average diameters of the particles is plotted 
on the vertical axis on the left side. The cumulative 
distribution of the volume average diameters of the particles 
is plotted on the vertical axis on the right side. The 
method of representing the cumulative distribution in Figs. 
3 , 4 , 7 and 8 is the same as in Fig . 2 . 

Comparative Example 1 

The solid composition of Comparative Example 1 differed 
from the solid composition of Example 1 in that it did not 
contain the nonionlc surfactant. 

One gram of YM022 and 3.5 g of hydroxy propyl 
methylcellulose were dissolved in a liquid mixture of 
dichlororaethane and methanol (8:2) and the resulting solution 
was spray dried to yield a powder of solid composition. 
Measurement by powder X-ray diffraction showed that YM022 in 
the powder was amorphous. The powder obtained was dispersed 
in refined water and a particle size measurement was 
conducted. The particle size distribution obtained is shown 
in Pig. 3. The particle size had a distribution of 2-100 pm, 
with no fine particles of 1 |im and less being formed. 

Example 2 

One gram of 4 * - [ ( 2-methyl-l, 4 , 5 , 6-tetrahydroimidazo[ 4 , 5- 
d ] [ 1 ] benzoazepin - 6 -yl ) carbony 1 ] - 2 -phenylbenzanllide 
{hereinafter abbreviated to YM087), 3 g of hydroxypropyl 
methylcellulose, and 0.5 g of polyoxyethylene hardened castor 
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oil were dissolved in a liquid mixture of dichlorome thane and 
methanol (8:2) and the resulting solution was spray dried to 
yield a powder of solid composition. 

The powder obtained was subjected to measurement by 
powder X-ray diffraction and YM087 in the powder was found to 
be amorphous. In addition, the powder obtained was dispersed 
in the second fluid specified in the 12th Revised Japanese 
Pharmacopoeia under the heading of "Disintegration Test 
Method" (pH 6.8} to form fine particles with particle sizes 
of 0.1-1 |«n. 

Comparative Example 2 

The solid composition of Comparative Example 2 differed 
from the solid composition of Example 2 in that it did not 
contain the nonionic surfactant. 

One gram of YHQ87 and 3.5 g of hydroxypropyl 
methylcellulose were dissolved in a liquid mixture of 
dichlorome thane and methanol (8-.- 2) and the resulting solution 
was spray dried to yield a powder of solid composition. The 
powder obtained was subjected to measurement by powder X-ray 
diffraction and YM087 in the powder was found to be 
amorphous. In addition, the powder obtained was dispersed In 
the second fluid specified in the 12th Revised Japanese 
Pharmacopoeia under the heading of "Disintegration Test 
Method" (pH 6.8) and particle size measurement was conducted; 
the fine particles that formed had a size distribution of 2- 
300 fun with the median of 20 urn; like YM022 used in 
Comparative Example 1, YM087 did not form any fine particles 
of 1 jjin and less. 
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Comparison of Absorbability 

The powder of solid composition prepared in Example 1 
and powders of the control samples described below were 
compared for absorbability upon oral administration. The 
powder of the solid composition of control sample 1 contained 
YM022 but it differed from Example 1 in that YM022 was 
crystalline, not amorphous. Control sample 2 had a 
disintegrant added to the powder prepared in Comparative 
Example X . 

Control Sample 1 

Thirty five grams of hydroxypropyl methylcellulose and 5 
g of polyoxyethylene hardened castor oil were dissolved in 
450 g of refined water: to the resulting solution, 10 g of 
YM022 was added and the mixture was pulverized in a mortar, 
followed by agitation with a homo-mixer to make a dispersion. 
The dispersion was treated with a nanomizer (product o£ 
NANOMIZER CO., LTD.) five times under the condition of 2500 
kgf/cm 3 . The resulting suspension was spray dried to produce 
a powder. 

Measurement by powder X-ray diffraction showed that 
YM022 in the powder was crystalline. The powder obtained was 
dispersed in refined water, followed by particle size 
measurement, giving the data of 0.1-1 ytm (Fig. 4). Ten grams 
of the powder obtained and 8 g of a disintegrant were mixed ■ 
and the usual method was performed to produce 180 -nig tablets 
each containing 40 mg of YM022. 
Control Sample 2 

To 1.8 g of the powder obtained in Comparative Example 
1, 1 g of a disintegrant was added and mixing in a mortar 
followed by sifting through a 32 -mesh sieve was repeated 
three times to yield a powder mixture, which was used as 
another control sample. 
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Experiment 1 

The powder of the solid composition of Example 1 or 
control sample 1 was orally administered to dogs such that 
YM022 would be contained in an amount of 120 mg, Five 
beagles were each administered a capsule filled with 600 mg 
of the powder of the solid composition prepared In Example 1 
or three tablets of control sample 1, and blood samples were 
taken at predetermined time intervals. Then, the 
concentration of YM022 in blood plasma was measured by high- 
performance liquid chromatography and pharmacokinetic 
parameters were calculated. The results for the average of 
the five animals are shown in Table 2 and Fig. 5. In Fig. 5, 
the vertical bars represent standard errors. 

Table 2 



Pharmacokinetic Parameters for Oral Administration to Dogs 



Sample administered 


Cmax 


AUC 




N/ml) 


(na-hr/ml) 


Experiment 1 


114.3 


305.5 


Control sample 1 


N.D. 


0 



Here, Cmax refers to a maximum plasma concentration and 
AUC refers to the area under curve for plasma concentration. 
N.D. refers to being less than the detection limit. 

Control sample 1 using YM022 in a crystalline state 
formed fine particles of 1 (im or smaller. However, the drug 
concentration in plasma was less than the detection limit. 
Therefore, it was confirmed that YM022, when it was only 
reduced to fine particles in a crystalline state, was not 
improved in absorption via digestive tracts. 
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Experiment 2 

The powder of Example 1 or control sample 2 was filled 
into capsules such that YM022 would be contained in an amount 
of 10 mg, the capsules being then orally administered to four 
beagles. Blood samples were taken at predetermined time 
intervals, the concentration of XM022 In plasma was measured 
by GC/MS, and pharmacokinetic parameters were calculated. 
The results for the average of the four animals are shown in 
Table 3 and Pig. 6. In Fig. 6, the vertical bars represent 
standard errors. 

Table 3 



Pharmacokinetic Parameters for Oral Administration to Dogs 



Sample administered 


Cmax 


AUC 




ma/ml) 


fna-hr/ml) 


Experiment 1 


16.2 


35.4 


Control sample 2 


3.4 


10.7 



Example 1 was the solid composition of the present 
invention. In contrast, control sample 2 was prepared by the 
conventional method of forming a solid dispersion with a 
polymer and it did not contain any nonionic surfactant. 
Compared to control sample 2, Example 1 showed a Cmax 
(maximum plasma concentration) value at least four times as 
high and an AUC (area under curve for plasma concentration) 
value at least three times as high. It was therefore 
demonstrated that the inclusion of the nonionic surfactant 
contributed to a significant improvement in absorbability. 

Experiment 3 

Maintenance of Absorbability (Suspension's Stability) 

The powder of the solid composition obtained in Example 
1 was dispersed in refined water to prepare a suspension. At 
day 3 and day 7 after it was prepared, the suspension was 
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orally administered to three rats and its plasma 
concentration was measured to determine the change in 
absorbability. The period after the preparation caused no 
recognizable significant differences in the Cmax and AUC 
values . 



Experiment 4 

Maintenance of Solubility 

To the powder obtained in Example 1 or Comparative 
Example 1 in an amount equivalent to 0.1 g as calculated for 
YM022, 50 ml of refined water was added and the mixture was 
shaken on a shaker for 1 hour; thereafter, the mixture was 
loaded into an ultracentrifuge (50,000 rpm, 30 min) and the 
resulting supernatant was collected. Then, to the resulting 
precipitate, 50 ml of refined water was added and the mixture 
was shaken on a shaker for 30 minutes; thereafter, the 
mixture was loaded into an ultracentrifuge (50,000 rpm, 30 
min) and the resulting supernatant was collected. The thus 
obtained precipitate was subjected to the same treatment and 
the supernatant was collected. The collected three lots of 
the supernatant were measured for the concentration of YMQ22 
by high-performance liquid chromatography. 
Table 4 



YM022 concentration feg/ml) in the supernatant 



~ ~— -No^ofshakes 








Sample — 


1 


2 


3 


Example 1 


4.8 


4.0 


4.0 


Comparative Example 


3.5 


1.2 


1.2 



The solid composition of Comparative Example 1 was such 
that the YM022 concentration in the supernatant decreased 
when 2 or more shakes were performed. In contrast, the solid 
composition of Example 1 experienced little decrease in the 
YM022 concentration. 
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Most probably,, the solubility of the extremely hardly 
water-soluble drug in the solid composition of Comparative 
Example 1 may have decreased as the water-soluble polymer 
began to dissolve. On the other hand, the solid composition 
of Example 1 seemed to maintain the solubility of the 
extremely hardly water-soluble drug by forming fine particles 
in water. 

Experiment 5 

Composition of the Fine Particles 

Two grams and a half of the powder of the solid 
composition prepared in Example 1 was added to 200 ml of 
refined water and the mixture was stirred with a magnetic 
stirrer for 1 hour to prepare a suspension. The suspension 
was centrlfuged in a centrifuge at 3,000 rpm for 5 minutes 
and the precipitate was recovered. The remaining suspension 
was further centrlfuged in an ultracentrifuge at 5,000 rpm 
for 30 minutes and the precipitate was recovered. 
Subsequently, centrlfugation was similarly performed under 
the centrifugal conditions set forth in Table 5 and the 
precipitates were recovered. 

The respective precipitates were dried and the amount of 
YM022 they contained was measured by high-performance liquid 
chromatography. Infrared absorption spectra were also 
measured and the proportions of the absorption peaks for 
YM022, TC-5E and HCO60 were used to calculate the proportions 
of the respective components in the precipitates. The 
results are shown in Table 5. 
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Table 5 



Centrifugal 
Conditions 



Proportion Proportion 
HPLC IR 



Compositional ratio 



fdrua:base:; 
3,000 rpm 



:surfactanfl 
5 min 



2.39 



{ 900G) 

5,000 rpm 30 min 1.94 1,85 1:0.54:0.31 
(2.500G) 

10,000 rpm 30 min 1.52 1.49 1:0.19:030 
(10,000Gf 

50,000 rpm 30 min 1.56 1.39 1:0.12:0.27 

(250.000G) 

The "proportion 8 refers to the weight ratio of a 
respective precipitate to the extremely hardly water-soluble 
drug contained (YM022). 

Here, G refers to the acceleration of gravity and 1G is 
equivalent to 9.8 m/s 2 . 

Each of the precipitates obtained was a mixture of the 
three components. According to the results of HPLC, the 
precipitates weighed 1.5-2.4 times as heavy as YM022. 
Although noted hereinabove, TC-5E is hydroxypropyl 
methylcellulose working as the polymer base and HCO-60 is 
polyoxyethylene hardened castor oil working as the nonionic 
surfactant . 

Comparative Example 3 

On the basis of the results of measuring the 
compositional ratio for the fine particles of Experiment 5, a 
powder of the following composition was prepared and the size 
of the particles in the dispersion was measured. One gram of 
YM022, 0.2 g of hydroxypropyl methylcellulose, and 0.3 g of 
polyoxyethylene hardened castor oil were dissolved in a 
liquid mixture of dichloromethane and methanol (8:2) and the 
resulting solution was spray dried to make a powder. The 
powder obtained was subjected to measurement by powder X-ray 
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diffraction and YM022 in the powder was found to be 
amorphous. The powder obtained was dispersed in refined 
water and a particle size measurement was conducted; the fine 
particles were 2-60 \tm in size and the formation of fine 
particles of 1 um and smaller was not recognized. 

Comparative Example 4 

The surfactant used in Comparative Example 4 was not 
nonionic, but cationic. 

One gram of YM022, 3.5 g of hydroxypropyl 
methylcellulose , and 0.5 g of sodium lauryl sulfate were 
dissolved in a liquid mixture of dichlorotaethane and methanol 
(8:2) and the resulting solution was spray dried to make a 
powder . 

The powder obtained was subjected to measurement by 
powder X-ray diffraction and YM022 in the powder was found to 
be amorphous . The powder obtained was dispersed in refined 
water and a particle size measurement was conducted; the fine 
particles were 3 fun and larger and in the case of using the 
cationic surfactant sodium lauryl sulfate, the formation of 
fine particles of 1 |un and smaller was not recognized. 

Examples 3-5 

Powders of solid composition having the following 
compositions (weight ratio) were obtained by the same method 
as used in Example 1 . 



Table 6 



Ex.3 



Ex.4 



Ex.5 



Extremely hardly 
water-soluble drug 



1 



1 



1 



Polymer base 



8.5 



3,5 



3 



Surfactant 



0-5 



0-3 



3_ 
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Here, YM022 was used as the extremely hardly water- 
soluble drug, hydroxypropyl methylcellulose (TC-5E) was used 
as the polymer base, and polyoxyethylene hardened castor oil 
(HC060) was used as the surfactant. 

As a result of measurement by powder X-ray diffraction, 
YM022 in each of the powders obtained was found to be 
amorphous. Those powders were then dispersed in refined 
water to form fine particles with particle sizes of 0.1-1 \aa. 

Example 6 

One gram of YM022, 3.5 g of hydroxypropyl 
methylcellulose, and 0.5 g of polyoxyethylene sorbitan 
monooleate tpolysorbate 80; Tween 80, trade name of KANTO 
CHEMICAL CO., INC.) were dissolved in a liquid mixture of 
dichloromethane and methanol (8:2) and the resulting solution 
was spray dried to make a powder. 

As a result of measurement by powder X-ray diffraction, 
YM022 in the powder was found to be amorphous. This powder 
was then dispersed in refined water to form fine particles 
with particle sizes of 0.1-1 put. 

Example 7 

In Example 7, the solid composition was in a 
pharmaceutical powder form, also containing lactose as a 
pharmaceutical formulating agent. One gram of YM022, 3.5 g of 
hydroxypropyl methylcellulose, and 0.5 g of polyoxyethylene 
hardened castor oil were dissolved in methanol and the 
resulting solution was spray granulated on 45 g of lactose in 
a fluidized bed to make a pharmaceutical powder. 

As a result of measurement by powder X-ray diffraction, 
YM022 in the powder was found to be amorphous. This powder 
was then dispersed in refined water to form fine particles 
with particle sizes of 0.1-1 [int. 
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Example 8 

The powder of the solid, composition obtained in Example 
1 was encapsulated to make capsules. 

Example 9 

Two hundred grams of the powder of the solid composition 
obtained in Example 1 was mixed with 160 g of a dislntegrant 
such as croscarmelose and the mixture was compressed in the 
usual manner to prepare 360 -mg tablets each containing 40 mg 
of YM022. 

Comparative Example 5 

In Comparative Example 5, nifedipine having a solubility 
of 10 pg/ml was used. One gram of this nifedipine, 3 g of 
hydroxypropyl methylcellulose , and 0.5 g of polyoxyethylene 
hardened castor oil were dissolved in a liquid mixture of 
dichlororaethane and methanol (8:2) and the resulting solution 
was spray dried to make a powder. 

As a result of measurement by powder X-ray diffraction, 
the nifedipine in the powder was found to be amorphous. 
However, when this powder was dispersed in refined water, the 
nifedipine was found to have turned crystalline. 

The same powder was dispersed in refined water and upon 
particle size measurement, it was found to have a 
distribution of 1-10 \m. The median particle size was 4 pm. 
This particle size distribution is shown in Fig. 7. 

Comparative Example 6 

In Comparative Example 6, nifedipine was used as in 
Comparative Example 5 but no surfactant was used. One gram of 
nifedipine and 3 g of hydroxypropyl methylcellulose were 
dissolved in a liquid mixture of dichloromethane and methanol 
(8:2) and the resulting solution was spray dried to make a 
powder . 
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As a result of measurement by powder X-ray diffraction, 
the nifedipine in the powder was found to be amorphous. 
However, when this powder was dispersed in refined water, the 
nifedipine was found to have turned crystalline. 

The same powder was dispersed in refined water and upon 
particle size measurement, it was found to have a 
distribution of 5-100 \aa. The median particle size was 20 
fim. This particle size distribution is shown in Fig. 8. 

INDUSTRIAL APPLICABILITY 

The solid composition of the present invention comprises 
the extremely hardly water-soluble drug having a solubility 
of 10 jig/ml or below and being rendered amorphous, as well as 
the polymer base and the nonionic surfactant and, when it is 
dispersed in a liquid, this solid composition forms stable 
fine particles having a particle size of 1 p or below, 
thereby improving the absorbability of the extremely hardly 
water soluble drug via digestive tracts. 

Since the extremely hardly water-soluble drug is kept 
amorphous even after the formation of the fine particles, its 
ability to dissolve out is retained satisfactorily. 

In addition, the extremely hardly water-soluble drug 
dissolves out in the process up to the formation of the fine 
particles and in the process that follows the formation of 
the fine particles, so it is capable of maintaining its 
solubility for a prolonged period of time, say, for 3-7 days 
or even longer, after the extremely hardly water-soluble drug 
is dispersed in a liquid. In other words, the solid 
composition of the present invention as dispersed in a liquid 
can be retained stable for a prolonged period of time. 
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CLAIMS 



1. A solid composition with improved solubility and 
absorbability, which comprises an extremely hardly water- 
soluble drug having a solubility of 10 ng/ml or below and 
being rendered amorphous, as well as a polymer base and a 
nonionic surfactant . 

2. The solid composition according to claim 1 which, when 
dispersed in a liquid, forms fine particles having a particle 
size of 1 p or below and containing the extremely hardly 
water-soluble drug as it is kept amorphous. 

3. The solid composition according to claim 1, wherein the 
solubility is the one in water, the first fluid or the second 
fluid at a temperature of 37°C. 

4. The solid composition according to claim 1 which comprises 
one part by weight of the extremely hardly water-soluble drug, 
0.5-20 parts by weight of the polymer base, and 0.1-3 parts 

by weight of the nonionic surfactant. 

5. The solid composition according to claim 4, wherein the 
weight ratio of the polymer base is 1-10 with respect to the 
extremely hardly water-soluble drug. 

6 . The solid composition according to claim 4 , wherein the 
weight ratio of the nonionic surfactant is 0.25-1.5 with 
respect to the extremely hardly water-soluble drug. 

7. The solid composition according to claim 2. wherein the 
fine particles comprise one part by weight of the extremely 
hardly water-soluble drug, 0.01-1 part by weight of the 
polymer base, and 0.1-0.5 parts by weight of the nonionic 
surfactant. 
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8. The solid composition according to claim 7, wherein the 
weight ratio of the polymer base is 0.1-0.6 with respect to 
the extremely hardly water-soluble drug. 

9. The solid composition according to claim 7, wherein the 
weight ratio of the nonionlc surfactant is 0.1-0.4 with 
respect to the extremely hardly water-soluble drug. 

10. The solid composition according to claim 1 or 1, wherein 
the polymer base comprises one or more members selected from 
the group consisting of a water-soluble polymer and an 
enteric polymer. 

11. The solid composition according to claim 10, wherein the 
water-soluble polymer comprises one or more members selected 
from the group consisting of hydroxypropyl methylcellulose, 
hydroxypropyl cellulose, methylcellulose, and hydroxyethyl 
cellulose. 

12. The solid composition according to claim 1 or 7, wherein 
the nonlonic surfactant comprises one or more members 
selected from the group consisting of polyoxyethylene 
hardened castor oils, polyoxyethylene sorbitan higher fatty 
acid esters, and polyoxyethylene polyoxypropylene glycol. 
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Fig. 1 



Solid composition 10 




Fine particles 12 
have formed. 



o 



o 



o 



Extremely hardly water-soluble drug contained 
in the fine particles 12 dissolve out Into a liquid 
such as gastric juice, intestinal juice, etc 



The extremely hardly water-soluble drug is 
absorbed via the mucosa of a digestive tract. 



Fig. 2 
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